When Benson died, in July this year, she had survived 63 near-death experiences -quite impressive even for someone living in rural England [1] . Benson was a common carp (Cyprinus carpio) of legendary size, weighing in at nearly 30 kg, and an incarnated proof of what human domestication can do to an animal's body. You may have never eaten a carp, yet carpsthere are a handful of domestic carp forms -contribute over a third of the world's aquaculture production. Carps were domesticated in Europe by the Romans who had raised them in ponds known as 'piscinae', and they were most likely domesticated independently in China where nowadays most carps (and carp-eaters) live. During the middle ages, carp cultivation became hugely popular in Europe -not least because nearly every other day was a day of fasting, on which a meat replacement was needed: think of carp as a kind of medieval tofu. In the past two centuries, carps were bred for prettiness in Japan as the so-called nishikigoi, or koi ( Figure 1 ) [2, 3] . The wild carp used to live in rivers across Eurasia, but is now on the verge of extinction -a fate it shares with the wild ancestors of many domesticated animals. Two obvious bodily features distinguish the domesticated carp from its wild ancestor: the domesticated form is much stockier than the torpedo-like wild carp (that way, they fit more neatly on a plate); and, many domesticated carp have lost their scales (making kitchen handling easier). A paper in this issue of Current Biology [4] now identifies the molecular basis for this scale loss and, by extension, bears on fundamental principles of the evolution of morphological diversity.
Four different morphs of the domestic carp have been defined: apart from the 'scaled carp', which looks much like the wild carp, the 'mirror carp', which lacks most scales and retains only a few enlarged ones, the 'line carp' with a single line of scales along its flanks and the 'leather carp' which is totally devoid of scales. Classic genetics have suggested that these phenotypes are controlled by two loci [5] . Now, Rohner et al. [4] show that scale loss in mirror carp (and other scaleless variants) is caused by loss of function mutations in the gene coding for a receptor for the FGF growth factor, called fgfr1a1. Mirror carps from two different populations were found to harbour two different mutationsa small deletion and a missense mutation -in the coding region of fgfr1.
The story of how fgfr1's role in scale loss was discovered accounts for some of the appeal of the paper [4] . By now, a handful of genes underlying morphological change -either during natural evolution or during human domestication -have been identified: notable examples are the genes underlying the domestication of maize from teosinte [6] , genes driving evolution of pigmentation patterns in flies [7] and mice [8] , or genes altering skeletal elements in populations of stickleback [9] . Usually, such genes can be identified only through often laborious genetic mapping, and pinpointing the actual molecular lesion can be even trickier.
Initially, Rohner et al. [4] had identified a zebrafish (Danio rerio) mutant, called spiegeldanio (spd), that, in its scale pattern, looks suspiciously like mirror carp. The mutant came from a genetic screen for adult morphology -the developmental basis of which is poorly understood in vertebrates. The fact that the mutant looked so similar to the scaleless carp -perhaps unsurprisingly so, seeing that carp and zebrafish are both cyprinid fish family members -raises hopes that such genetic screens could provide clues to phenotypic change during evolution (or domestication) by generating phenotypes that look much like evolutionary variants; and, of course, the molecular identification of the gene will be much easier in a model organism rather than a wild species. When the gene mutated in spiegeldanio was identified, it was found to be a receptor for fibroblast growth factor (FGF) [4] . To a developmental biologist, that a mutation in this particular receptor should cause such a mild, non-lethal phenotype must have come as a surprise: FGF signals are used over and over throughout early vertebrate development. And indeed, if the fgfr1 gene is mutated in another fish, the killifish medaka (Oryzias latipes), mutant embryos emerge that lack essentially all body structures except the head [10].
Mirrors and Duplicates
How come that the phenotypic effects of fgfr1 mutation -scale loss as opposed to loss of the entire bodydiffer so much between zebrafish and medaka, even though the genes themselves are highly similar in sequence? Zebrafish have two copies of fgfr1, called fgfr1a and fgfr1b [4] . And these two genes appear to function largely in a redundant fashion: when you knock out either of them alone, nothing much happens. Only if fgfr1b is knocked out as well does the embryonic phenotype look very similar to the medaka mutant. This redundancy during early embryogenesis explains why the scaleless zebrafish fgfr1a mutantsand by extension the mirror carp -can survive to adulthood: the early function in trunk development is buffered by the presence of a second fgfr1 back-up copy. Having this zebrafish mutant provided Rohner et al. [4] with an assay system with which they could readily test the function of the various carp versions of fgfr1 -a feat often missing from purely genetic evolutionary studies; and as expected, the mutated fgfr1a1 from the mirror carp indeed cannot substitute for zebrafish fgfr1a in the injection assay, while the version from scaled carps can [4] .
The history of gene duplications in fish is a particularly tangly one. First, there were two rounds of whole genome duplications in the ancestor of all vertebrates [11] . Subsequently, the ancestor of teleost fishes underwent an additional duplication [12] . During further evolution, different duplicates may have lost their function in the different lineages. This may explain the difference in the fgfr1 phenotype between medaka and zebrafish, and indeed the different phenotypic spectrum generally observed during genetic screens in these two species. To complicate matters further, the common carp's ancestor underwent another round of genome duplication, some time in the Miocene, so that for the two fgfr1 genes of zebrafish there are now four paralogues in the carp [13] . Thus, carp will have two copies of the scale-loss gene fgfr1a, designated fgfr1a1 and fgfr1a2, the latter of which is mutated and appears less functional no matter if derived from scaled or mirror carp [4] .
The story of fgfr1 encapsulates essentially all scenarios that have been associated with the fate of duplicated genes [14, 15] : after duplication, most frequently one of the duplicates loses its function -as may have happened in the medaka lineage -and the remaining one retains all the original functions. In some instances, however, both paralogues are maintained, sharing the original function, as is evident in the embryonic function of the zebrafish fgfr1 genes. Occasionally when genes are duplicated one of the copies may take on a different, new function and it appears that this is indeed what has happened with fgfr1a's role in scale development. ('New' here is naturally misleading as it is formally not possible to discern what is ancient and what is derived: it may well be that in the piscine ancestor, when scales evolved, both fgfr1 paralogues played a role in scale development and only later fgfr1b lost its scale function.) The fgfr1 duplication thus provides a neat example for the long-standing idea of genetic redundancy buffering the evolution of genes [15] . Were there not the second fgfr1b paralogue, a change in adult morphology, here the loss of scales, would not be possible, at least not though this very genetic pathway. (Other pathways are known that can lead to loss of scales and indeed a medaka mutant that looks somewhat similar to the scaleless zebrafish was shown to affect the ectodysplasin receptor A gene [16] . In this case, the medaka phenotype is rather similar to that of zebrafish mutants in the same gene [17] .)
Mirroring Evolution
The analysis of the genetic basis for scale loss in the -seemingly parochial -domesticated mirror carp bears on a fundamental problem in evolutionary biology. This problem of pleiotropy has been bugging evolutionary biologists a great deal -particularly those interested in the molecular basis of morphological evolution. In the 1980s and 90s, it became clear that embryonic and post-embryonic development involve the same sets of genes being used over and over again during different processes; much as FGF signalling is being used, among others, during trunk formation, in brain development and later in the scales. So, how can evolution change the function of a gene in one particular part of the body -say in the scales -without at the same time affecting its other functions? If the coding sequence of that gene changes, other aspects of its function might be affected too. However, switching on or off the expression of a gene in one part of the body, by alterations in its cis-regulatory sequence, could alter the function of a gene in a regionspecific manner and leave the rest of the gene's function unaffected [18] . This is feasible because cis-regulatory regions of developmental genes are modular, in that certain enhancer elements direct expression rather specifically in certain body parts without affecting much the expression of the gene in other areas. And indeed, there have been numerous examples of such cis-regulatory changes underlying the evolution of morphological characters, for instance in the evolution of pigmentation in Drosophila species [7] or in skeletal characters in sticklebacks [9] .
However, studies of molecular adaptation have also found many instances of coding region changes [8, 19] . The relevance of these two modes of change -cis-regulatory versus coding -for evolution has recently been debated with some heat: the opposing camps like to refer to each other as 'cis-sies' and 'exon-shmexons', respectively. The carp fgfr1 story seems to please both these camps: on the one hand, the change underlying scale loss is a change in the coding region of the gene; on the other hand, the scalespecific expression of fgfr1a -an obvious prerequisite for a scalespecific function of that gene -is most likely due to an earlier cis-regulatory change. So in a sense, the coding change in fgfr1a underlying scale loss in the mirror carp and the zebrafish mutant was possible only on two conditions: gene duplication with retention of the function of both duplicates such that possible early pleiotropic effects were buffered against, and second a change in expression of the two paralogues such that one became specifically expressed in scales. Now, hardcore evolutionary biologists can be hard to please, and one commonly heard interjection is that domesticated animals will only poorly mirror 'real' evolution in the wild. While Darwin used domestication as an analogy to describe how natural evolutionary change might occur, there are many obvious differences: domesticated species live in protected environments, the population sizes and structures of domesticated and wild animals differ strongly, and the selective pressures applied by highly choosy breeders are very different and generally much higher. But for understanding how morphological change is being generated on the molecular level, these differences are perhaps less relevant, as the developmental starting material is the same, whether a fish evolves in the wild or in a breeding pond. So, for identifying genes that lead to morphological change in evolution, domesticated animals may still be a viable testing ground -apart from the interest in domestication itself. And indeed, in some instances, similar morphological changes in wild and domesticated animals seem to involve the same genes, such as the MC1R locus controlling pigmentation, even though the exact type of mutation may vary [20] . Sure enough, the mirror carp, far from being a mere domestication oddity, will have something to contribute to the study of natural evolution as well. Scale loss or reduction is presumed to have occurred independently many times during fish evolution [4] . It will be illuminating to see if, genetically, these mirror the changes seen in the carp.
